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On Earth,plumes from explosive volcanic erup-
tions often display atmospheric electriediectssuch
as lightning and itsassociatedhunder. These phe-
nomena demonstratéhat eruptionplumes can be
highly electrically charge@nd that a chargsepara-

tion mechanism must be operating. There is no reason

why electrical charging involcanic environments
should be constrained #arth andplumes on lo may
also be charged. Witlo’'s low gravity and lack of

after the fracture of a material [3]. Tipeocess often
releases charged particles (electrarsl ions) and
leaves the fractured materiaklectrically charged.
Thus it is thought that the chargimgay be an effect
of the extensive brittle fracture of magma.

Voyager results from lo showed many asymmetric
plumes [4]and with recent results from Galileo sug-
gestingthat lo has a magnetfield, it is possiblehat
oneeffectthatmay cause asymmetry in plumes is the

atmosphere, any electrical charge on ballistic particlesinteraction of charged volcanic particles with the
could become anmportant factor influencingheir magnetic field. For environments where there is no (or
trajectories in a magnetic field. very little) atmosphere, the charges held on particles
The pertubation of the Earth’s natueimospheric  can be much largghanwhen an atmosphere is pres-
electrical field due tdhe presence afolcanic plumes  ent. If this is thecase for eruptions on Idhen the
hasalready been studied by a variety of techniques. interaction of the moving charge with a magnégtd
Near the ground beneath plumes, the potential gradi-may appreiably alter the trajectories of ballistic par-
ent iscommonly measured to be the order of kilo- ticles.
volts per metre. The charge to mass ratio of falling ash  In a verysimple simulation, theffect amagnetic
hasalso been measured with values of #1/kg re- field would have orthe landingpositions ofejected
corded [1].The results appear to indicateat ash is  volcanic particlescan beseen (Fig. 1). The figure
chargedclose tothe limiting value in Earth’s atmos- showsthe landingpositions of particles launched in
phere.Above this limit, the highsurface charge den- increments of 5 (up to 45) degrees froime vertical,
sity on anash particlewill cause dischargéhrough and at intervals of 12.8egrees ohzimuth. Asteady,
the air until the limiting value is reached. uniform magnetic field is orientated horizontally in
Many theories have been advancedexplain the the direction of the x axis. Theffect ofthe electro-
charge generation and separation. Thest recent  magnetic interaction on the equations of motion for
work [2] suggestshat ash inplumeshas a net nega- particles can be represented by the paranigtgm
tive charge, aet positive charge residing in the vol-  (magnetic flux density kharge per unit mass). In Fig.
canic gases or omery fine ash. Charge separation 1a. Bg/m isessentially zeroand thesymmetrical dis-
then occurgdue to the gravitational separation of the tribution of particles followind'normal” ballistic tra-
gasesand the ash. The mechanism of chaggeera- jectoriescan be seen. Fig. llshowsthe simulation
tion in volcanic plumes is not knowrHowever, a run with Bg/m = 0.0001 TC/kgndgives only avery
strong possibility is fracto-emissionduring magma  slight pertubation from theymmetricpattern. With
fragmentation. Fracto-emission is the releaspaofi- Bg/m = 0.001 TC/kg considerab&symmetry is visi-

clesand electromagnetic radiatioduring andshortly ble.
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Fig. 1. Landing positions of charged particles launched from a cylindrical vent located at the origin. Particles
launched at 600m/s in increments of 5 degrees from the vertical (up to 45 degrees), and intervals of 12.5 degrees of
azimuth. A magnetic field of flux density B, is orientated horizontally in the direction of the x axis. Distances in km,
Ba/m in TC/kn.
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Note that any effect ofthe plume on the magnetic
field is neglectedand that the magnetitux density
doesnot vary with height. Qnly particles of one value
(and sign) of charge per unit mass aomsidered at
one time; arange ofvalues in one plume would be
more realistichowever thdong duration of the erup-
tions on lo could ensurthat any asymmetryin the
depositsareremoved bythe continually changing di-
rection of the magnetic field.

On Earth fragmentation of basaltic magma is pre-

dominantly not a brittle process, but on lo, where up

to 25% of the eruptive massay beentrained agold
volatiles beforeeruption, this rapid chilling of the

If the charge on soligjecta gives only amall
charge per unit mass, and a&gual and opposite

charge is assumed to reside in the volatile phases, on

Earth theircharge per unit massill be greater be-
cause they represennly asmall mass fraction of the
ejecta. Howeverwith such large proportions of vola-
tiles in eruptions on Iahis effectwill be smallerthan
on the EarthEven so, it may béhat theparticles for
which Bg/m is largest arsolid flakes of condensed S
or SQ.

Electrical processes in volcanic plumase not
sufficiently understood for a chargeer unit mass to
be estimated reliably for l0’s pluméasowever, even if

magmamay makebrittle fragmentation much more the charge per unit mass or strength of the magnetic
common. Despite lo’dow temperatureand lack of field are not sufficient to perturb particle trajectories
atmosphere, magma fragmentation is likely to occur at significantly, theeffect could causencreased particle-
similar pressures to terrestri@xplosive eruptions.  particle interactions as the pathsoppositelycharged
Thus it can be argued thsuirface charge densities on particles crossThis, along withelectrostaticattrac-
particles arainlikely to grossly exceed those found on tion, may causeaggregation - a factaghat has not yet
Earth. In this case, to achieve Bg/m near 0.001 TC/kg, been allowed for in any of the plume modeling for lo.

unrealistic magnetic flux densities ofer 1 T would
be required.
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